Guillain-Barré syndrome (GBS) is the most common cause of acute flaccid neuromuscular paralysis, resulting in significant morbidity and cost.^[@R1]^ There is a proposed model to identify patients with poor prognosis.^[@R1]^ However, treatment options beyond IV immunoglobulin (IVIg) and plasma exchange are limited.^[@R2]^ An ongoing trial is evaluating a second course of IVIg for severe GBS.^[@R1]^ This trial has prompted treating neurologists to consider an additional course of IVIg if patients do not respond initially. We alert neurologists to significant hemolytic anemia (HA) in patients with non-O blood types treated with high-dose IVIg within a short time interval.

METHODS {#s1}
=======

This is a retrospective case series. We review 4 patients with severe GBS and one patient with Miller Fisher syndrome (MFS) admitted to our institution from 2012 to 2013. All patients received very high-dose IVIg (total dose of at least 4 g/kg, equivalent to 2 standard treatment courses \[2 g/kg\]) administered over fewer than 14 days. All patients with GBS did not respond initially, prompting a second course of treatment ([table](#T1){ref-type="table"}). The patient with MFS received a high dose inadvertently. We gathered data regarding the incidence of HA in these patients. As this was a retrospective review of a small case series, institutional review board approval was not required.

###### 

Patient characteristics and treatment
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RESULTS {#s2}
=======

All of the patients with non-O blood types (3/5) treated with very high-dose IVIg developed clinically significant anemia requiring blood transfusion. When tested (2/3 cases), there was clear evidence of hemolysis (positive direct antiglobulin test, low haptoglobin, high lactate dehydrogenase/bilirubin). In addition, there were no other medical comorbidities or medications commonly implicated in causing autoimmune hemolytic anemia ([table](#T1){ref-type="table"}). Patient 4 developed hematuria prior to discharge with normal hemoglobin and returned with massive hemolysis leading to pigmentary nephropathy and requiring hemodialysis. Full neurologic recovery occurred in 2 of the 3 patients who developed HA. Patients with O blood type did develop anemia, but it was mild and clinically asymptomatic. In addition, the patients with O blood type did not have evidence of hemolysis.

Mechanism. {#s2-1}
----------

Antibodies to blood group antigens (A and B) found in IVIg due to pooling from donors with O type blood are proposed as the hemolytic mechanism in many prior observations.^[@R3][@R4][@R7]^ The current industry standard antibody titers are \<1:64 for anti-A and \<1:32 for anti-B. Privigen, a commonly used liquid IVIg formulation, currently has anti-A \<1:32 and anti-B \<1:16. However, the titers of anti-A and anti-B may vary within lots. Therefore, patients who are given higher doses of IVIg will be exposed to higher levels of anti-A and anti-B antibodies. Although our patients received Privigen, HA has been reported with use of many liquid IVIg formulations.^[@R3][@R4][@R7]^

DISCUSSION {#s3}
==========

We propose that risk of IVIg-related HA is increased with high doses, significant in non-O blood types, and more likely to occur when administered over a short interval (i.e., \<2 weeks). HA has not been frequently observed in patients receiving maintenance IVIg, likely due to the lower dose, longer time intervals between infusions (typically 3--4 weeks), and 2--3 week half-life of anti-A/B IgG. Although all of our patients had GBS/MFS, HA has been reported in many other conditions treated with high-dose IVIg such as postpolio syndrome, chronic inflammatory demyelinating polyneuropathy, myasthenia gravis, renal transplantation, and Kawasaki disease.^[@R3][@R4][@R7]^

The applicability of our findings is limited by a small number of cases, retrospective analysis, and hemolysis testing in only 2 of the 3 patients. However, our findings raise relevant, novel considerations such as a possible maximum tolerated dose of IVIg in a short time frame. In addition, practitioners should exercise caution if considering escalating IVIg dosages to \>2 g/kg in \<14 days. Hemoglobin and creatinine levels should be monitored closely during and after treatment with high-dose IVIg (up to 1--2 weeks) to detect this untoward complication. In the literature, nadir hemoglobin level seemed to occur within 2 weeks of treatment, commonly within 4--5 days.^[@R5][@R6][@R7]^ If anemia occurs, testing should include direct antiglobulin test, peripheral blood smear, bilirubin, haptoglobin, lactate dehydrogenase, and reticulocyte count. IVIg lots can be tested for anti-A and anti-B titers. In addition, a crossmatch could be performed with serum and IVIg. Manufacturers should label anti-A and anti-B titers on their product and consider more stringent industry standards. We propose that there is a maximal tolerated dose of IVIg over a 2-week period, which is dependent on patient ABO blood group and IVIg\'s anti-A/anti-B titers.
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